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Predict the particulate matter concentrations in 128 cities of China
Dun Meng, Xu Zhicun, Lifeng Wu, Yingjie Yang
Abstract: To predict the concentrations of PM2.5 and PM10 in the 128 cities of China, the discrete grey prediction model with fractional order accumulation (DFGM(1,1)) was used to predict the annual average PM2.5 and PM10 concentrations from 2019 to 2023. The result is as following: the annual average PM2.5 concentrations of Xi'an, Xuzhou, Ordos, Jingmen, Meizhou, Huizhou, Panzhihua, Kunming, Jixi and Yichun are increasing from 2019 to 2023. The annual average PM2.5 concentrations in the 118 other cities are decreasing from 2019 to 2023. While the annual average PM10 concentrations of Taiyuan, Ordos, Dongguan, Karamay, Foshan, Yichun, Qitaihe, Jinzhou and Heihe are increasing from 2019 to 2023. The annual average PM10 concentrations in the 119 other cities are decreasing from 2019 to 2023.
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1	Introduction
The Three-Year Action Plan for Winning the Blue Sky Defense Battle was implemented for the first time in China (State Council of the People's Republic of China 2018). According to the data of the atmospheric report in China of 2019, the air quality in 338 cities of China continued the improvement trend of the previous five years. The proportion of the average of the days with the air quality reaching standard rose from 78% to 79.3%, the percentage of days with good air quality in 193 cities had been over 80%, the pollution level of particulate matter (PM2.5) had been effectively curbed. Compared with 2017, the annual average PM2.5 concentrations in 338 cities changed from 10-86 ug/m3 to 9-74 ug/m3 in 2018, the annual average PM2.5 concentration decreased from 43 ug/m3 to 39 ug/m3, it is higher 11.4% than the second-level concentration limit (35 ug/m3). The percentage of the cities reaching the standard rose from 35.8% to 43.8%. Although the percentage of the cities reaching the standard has increased, the numbers of cities reaching the standard is still less than half. The range of the annual average PM10 concentrations in 338 cities changed from 23-154 ug/m3 in 2017 to 18-190 ug/m3 in 2018, the annual average PM10 concentration decreased from 75 ug/m3 to 71 ug/m3, it still exceed the second-level concentration limit (70 ug/m3) 1 ug/m3. The national PM2.5 concentration dropped into 39 ug/m3 in 2018, but it is still 3.9 times than the standard of the world health organization.
With the in-depth understanding of PM2.5 and PM10, more attention has been paid to the study of the concentrations of PM2.5 and PM10. How to effectively predict the concentrations is particularly important for the air quality control. Zhang et al. (2018) used the high-resolution satellite aerosol optical depth to predict the daily PM2.5 concentrations in Texas. James et al. (2017) proposed a method that compliance with national ambient air quality standards to predict PM2.5. Taking Tehran in Iran as an example, adaptive neuro-fuzzy inference system, a combination of ensemble empirical mode decomposition and general regression neural network, multi-layer perceptron and multiple linear regression models are used by Amanollahi and Ausati (2020) to forecast the PM2.5 concentration. Park et al. (2018) used artificial neural network to predict PM10 concentration in the metropolitan subway stations of Seoul. Koo et al. (2015) used inverse model to improve the prediction accuracy of PM10 in East Asia. At the same time, the PM2.5 concentration can also affect the health of people. In recently years, more and more domestic and foreign scholars have studied the effects of PM2.5 and PM10 concentrations in the air on the health of human. Wei et al. (2019) proposed the clinical evidence and experimental proof of the effects of PM2.5 and NOx exposure on myopia. Parvez and Wagstrom (2020) studied the impact of regional versus local resolution air quality modeling on particulate matter (PM2.5) exposure health. Szyszkowicz (2020) used two-point models to study short-term exposure and adverse health effects of air pollution and mortality. The air quality has been taken seriously in recently years in China. However, the data of the annual air pollution indicators is less. The grey model has higher prediction accuracy and a small demand for samples, so it can be used to predict the annual average concentrations of PM2.5 and PM10. The fractional order grey model can reduce the disturbance of external environment. The discrete grey prediction model based on fractional order accumulation was been proposed (Wu et al. 2013). Since the fractional order grey model was put forward, the model has been used in various fields. Carmona-Benítez and Nieto (2020) proposed the Damp Trend Grey Model that improved with a dynamic seasonal damping factor to forecast the airline industry. Moonchai and Chutsagulprom (2020) used the modified grey model augmented with a Kalman filter to make short-term forecasting of renewable energy consumption. Duman et al. (2019) used optimized multivariate grey models to forecast the electronic waste. Many scholars have conducted studies on the concentrations of PM2.5 and PM10. However, the scopes of their researches are mostly a certain region or several regions. In this paper, the average annual PM2.5 and PM10 concentrations of 128 cities in China are studied and analyzed according to the actual situation.
This paper is divided into six parts. In Section 2, the research cities and the data source are introduced. In Section 3, the buffer operators, the DFGM(1,1) model and the Grey Wolf Optimization (GWO) are introduced. In Section 4, the forecasting results of the annual average PM2.5 concentration are shown. In Section 5, the forecasting results of the annual average PM10 concentration are shown. The conclusions are shown in Section 6.   
2 The cities studied and data processing
PM2.5 refers to the particles suspended in the air with aerodynamic equivalent diameter less than or equal to 2.5 microns, also known as fine particulate matter. Particles with diameters of 0.5 to 5 microns can travel directly to the alveoli and into the bloodstream and throughout the body. PM10 refers to the particles suspended in the air with aerodynamic equivalent diameter less than or equal to 10 microns, also known as inhalable particulate matter. PM2.5 and PM10 are the significant components of haze. Since 2013, the haze became one of the keywords of the year in China. The current annual average concentration limits of PM2.5 and PM10 in China are shown in Table 1.




















2.2 The data source
The data of the annual average PM2.5 and PM10 concentrations are obtained from http://mhuanbao.bjx.com.cn/mnews/20191128/1024240.shtml. Since the different cities begin to publish the concentrations of PM2.5 and PM10 in different years, the available sample data in each city are different. The annual average PM2.5 concentration from 2015 to 2018 is the sample data in the following cities: Sanmenxia, Tongchuan, Weinan, Ordos, Jiaozuo, Weihai, Yantai, Rizhao, Taian, Binzhou, Zaozhuang, Heze, Liaocheng, Jining, Dongying, Maanshan, Wuhu, Xiaogan, Xianning, Enshizhou, Huanggang, Shiyan, Suizhou, Huangshi, Jingzhou, Ezhou, Xiangyang, Zhangjiajie, Zhuzhou, Changde, Liuzhou, Guilin, Zhanjiang, Meizhou, Shantou, Qingyuan, Yunfu, Haikou, Panzhihua, Mianyang, Deyang, Yibin, Luzhou, Zigong, Zunyi, Karamay, Jixi, Shuangyashan, Qiqihar, Daqing, Hegang, Yichun, Jiamusi, Qitaihe, Heihe, Suihua, Greater Khingan Range, Jilin, Dandong, Fushun, Yingkou, Benxi, Huludao, Jinzhou and Anshan. The annual average PM2.5 concentration from 2014 to 2018 is the sample data in the following cities: Jingmen, Yichang and Mudanjiang. The annual average PM2.5 concentration from 2013 to 2018 is the sample data in the following cities: Zhangjiakou, Chengde, Qinhuangdao, Langfang, Tianjin, Cangzhou, Beijing, Tangshan, Handan, Hengshui, Xingtai, Baoding, Shijiazhuang, Xi'an, Yancheng, Shanghai, Shaoxing, Suzhou, Nantong, Nanjing, Changzhou, Hangzhou, Zhenjiang, Yangzhou, Taizhou, Wuxi, Huaian, Xuzhou, Hohhot, Zhengzhou, Taiyuan, Qingdao, Jinan, Fuzhou, Xiamen, Hefei, Nanchang, Wuhan, Changsha, Nanning, Zhuhai, Shenzhen, Huizhou, Zhongshan, Jiangmen, Dongguan, Guangzhou, Zhaoqing, Foshan, Lanzhou, Chengdu, Kunming, Chongqing, Guiyang, Xining, Yinchuan, Harbin, Changchun, Dalian and Shenyang.
The annual average PM10 concentration from 2015 to 2018 is the sample data in the following cities: Sanmenxia, Tongchuan, Weinan, Yangzhou, Ordos, Weihai, Yantai, Rizhao, Taian, Binzhou, Zaozhuang, Heze, Liaocheng, Jining, Dongying, Maanshan, Wuhu, Xiaogan, Zhangjiajie, Zhuzhou, Changde, Liuzhou, Guilin, Zhanjiang, Meizhou, Shantou, Qingyuan, Yunfu, Haikou, Panzhihua, Mianyang, Deyang, Yibin, Luzhou, Zigong, Zunyi, Jixi, Shuangyashan, Qiqihar, Dandong, Fushun, Yingkou, Benxi, Huludao and Jinzhou. The annual average PM10 concentration from 2014 to 2018 is the sample data in the following cities: Anshan, Daqing, Hegang, Yichun, Jiamusi, Qitaihe, Heihe, Suihua, Greater Khingan Range and Jilin. The annual average PM10 concentration from 2013 to 2018 is the sample data in the following cities: Xianning, Enshizhou, Huanggang, Shiyan, Suizhou, Huangshi, Jingzhou, Ezhou, Xiangyang，Karamay, Qiqihar, Daqing, Hegang, Yichun, Jiamusi, Qitaihe, Heihe, Suihua, Jilin, Jingmen, Yichang, Mudanjiang, Zhangjiakou, Chengde, Qinhuangdao, Langfang, Tianjin, Cangzhou, Beijing, Tangshan, Handan, Hengshui, Xingtai, Baoding, Shijiazhuang, Xi'an, Yancheng, Shanghai, Shaoxing, Suzhou, Nantong, Nanjing, Changzhou, Hangzhou, Zhenjiang, Yangzhou, Taizhou, Wuxi, Huaian, Xuzhou, Hohhot, Zhengzhou, Taiyuan, Qingdao, Jinan, Fuzhou, Xiamen, Hefei, Nanchang, Wuhan, Changsha, Nanning, Zhuhai, Shenzhen, Huizhou, Zhongshan, Jiangmen, Dongguan, Guangzhou, Zhaoqing, Foshan, Lanzhou, Chengdu, Kunming, Chongqing, Guiyang, Xining, Yinchuan, Harbin, Changchun, Dalian and Shenyang.
3	The establishment of model and data processing
The current air data is based on the new standard issued in 2013, the sample data is little. Therefore, the traditional forecasting methods cannot be applied in this situation. Considering the good performance of grey forecasting model, we used DFGM(1,1) to predict the annual average PM2.5 and PM10 concentrations. At the same time, it was mentioned by Utkucan (2019) that the grey model is more suitable for short-term prediction. Therefore, in order to ensure the accuracy of prediction, we only predict the annual average PM2.5 and PM10 concentrations from 2019 to 2023. If the growth (or decline) trends of the annual average PM2.5 and PM10 connections are too large in some cities, we used the buffer operators to smooth these data. Then the GWO is used to find the optimal order and the DFGM(1,1) is used to predict the annual average PM2.5 and PM10 concentrations from 2019 to 2023.
3.1 The data of weakening buffer
Since 2013, haze has become one of the keywords in China. The government began to attach great attention to the air quality. With the effective management and control of the government in recent years, the annual average PM2.5 or PM10 concentration in some areas are decreasing rapidly. However, with the implementation of a series of policies, such as rectifying pollution sources and promoting the transformation of industrial structure, the air pollution control is becoming more and more difficult for the government. Meanwhile, although a series of measures have been taken by the government in some areas, the annual average PM2.5 or PM10 concentrations are on the rise rapidly. In this case, the government is bound to take stronger measures to control air quality. Considering the actually situation, the changing trend of the annual average PM2.5 and PM10 concentration will slow down in some regions. Therefore, the buffer operators are used to reduce deviations caused by this situation. The cities and order of the weaking buffer operator are shown in the Table 2, 3.
Table 2 The cities of buffering the PM2.5 data








Table 3 The cities of buffering the PM10 data








3.2 Discrete grey prediction model based on fractional order accumulation
The DFGM(1,1) is used to predict the annual average PM2.5 and PM10 concentrations in 2019-2023. The process of calculation is as following:
Step 1: Assumed that the original sequence,






Step 3: The time-response expression：
  
The solution of the whitening differential equation  is :

When ，make and put this into the previous formula,

              
Then               
Step 4: The r- order reverse accumulation generation is used,
 So                
Therefore, the fitting values  and the forecasting values  can be obtained.
3.3 The Grey Wolf Optimization algorithm
GWO was proposed by Mirjalili et al. (2014). It has the advantages of strong convergence performance, few parameters and easy to be implemented. The whole calculation process of GWO can be divided into three parts: surround, hunt and attack. Through the three steps above, the optimal solution can be found. In this paper, the number of iterations is 500 and the number of grey wolves is 100.
4 The forecasting results of the annual average PM2.5 concentration
Taking the PM2.5 concentration in Langfang as an example, the specific calculation process are detailed in the Electronic Supplementary Material (ESM-Survey Method). The forecasting results of the annual average PM2.5 and PM10 in 128 cities are detailed in the Electronic Supplementary Material (ESM-Supplementary Tables).
4.1 The forecasting results of the annual average PM2.5 concentration
The DFGM(1,1) model and the GWO were used to predict the annual average PM2.5 concentration. Taking the PM2.5 concentration in Langfang as an example, the MAPE of DFGM(1,1) from 2013 to 2018 is 1.78% , the MAPE of the fitting values is small. Similarly, the DFGM(1,1) model can be used to predict the annual average PM2.5 concentration of other cities. The forecasting results of the annual average PM2.5 concentration in the 128 cities are shown in Supplementary Tables 1-11 (See ESM-Supplementary Tables). 
As the key areas with serious air pollution, the rankings of the air quality in the Jing-Jin-Ji region and the surrounding areas are generally lower. The annual average PM2.5 concentrations in the 13 cities of the Jing-Jin-Ji region are likely to continue to decline in 2019-2023, it means that primary achievements have been achieved for air quality control in the Jing-Jin-Ji region. But since the start of winter 2019, the Jing-Jin-Ji region has still suffered from severe smog, PM2.5 remained the major pollutant in the last ten-day of November. It indicates that the control of air quality in Jing-Jin-Ji region is still unstable and difficult.
As one of the major producing areas in China, the air quality of Fen nutrient-laden plain has also been listed as one of the key areas. During autumn and winter in 2019, the atmospheric environment in the Fen nutrient-laden plain is still severe. The average concentration of PM2.5 is about twice as high as other seasons, and severely polluted days account for more than 90% of the whole year. The annual average concentration of PM2.5 in Xi'an may increase year by year in 2019-2023.
In autumn and winter, the average concentration of PM2.5 in the Yangtze river delta is about 1.8 times higher than other seasons. How to control the air quality in winter more effectively is the key to controlling the air quality. Except for Xuzhou, the annual average PM2.5 concentrations of the 14 cities in the Yangtze river delta show a declining trend in 2019-2023. The current second-level annual average concentration limit of PM2.5 in China is 35 mg /m3. Half of the 14 cities in the Yangtze river delta are expected to keep the level of annual average PM2.5 concentrations below the second-level concentration limit.
The air quality in Ordos had been increasing year by year in recent years. The annual average PM2.5 concentration in Ordos may still increase in 2019-2023, or even exceed the second-level concentration limit. However, the annual average PM2.5 concentrations in other cities show a declining trend in 2019-2023, although the change trend is not obvious.
Heilongjiang province is located in the northeast of China. Its air quality conditions are better in general. Expect for Jixi, the annual average PM2.5 concentrations of other cities in Heilongjiang may continue to decline and are expected to keep their annual average PM2.5 concentrations below the second-level concentration limit.
Located in the northeast of China, the conditions of the air quality in Jilin and Liaoning are always good. The annual average PM2.5 concentrations in the 11 cities studied are still likely to decline continuously in 2019-2023. There is no doubt that a successful model is provided for China's air quality control.
The annual average PM2.5 concentrations of Zhengzhou and Jiaozuo have been exceeded the second-level concentration limit. However, due to the adjustment of industrial structures in recently years, the air quality in Henan has gradually improved and will continue to decline in 2019-2023. The coal industry is developed in Shanxi, at the same time, the negative impact on air quality is bigger. In recently years, the air quality in Shanxi has been improved through active regulation of the government. The annual average PM2.5 concentration in Taiyuan will continue to decline in 2019- 2023, but the decrease is slight. To ensure the revolutionary improvement of air quality can be implemented, further transformation of the industrial structures should be promoted. The favorable geographical location of Shandong is conducive to the diffusion of air pollutants, which leads to the air quality conditions are better in general. The cities of Shandong studied in this paper, the annual average PM2.5 concentration will continue to decline in 2019-2023.
The air quality in Hubei has gradually improved in recent years. The seven cities of the 13 cities studied in this paper are expected to make their annual average PM2.5 concentrations below the current second-level concentration limit of PM2.5. However, the annual average PM2.5 concentration in Jingmen will continue to increase.
The annual average PM2.5 concentrations of 9 cities studied in this paper show a trend of downward in 2019-2023, but the decline scope is small in general. The annual average PM2.5 concentration in Wuhan has not changed much, Wuhan is vulnerable to be effect by the regional pollution transmission. Therefore, whether the air quality can be effectively improved depends on the governance of the government.
As the largest province with the fastest and most dynamic economic development in China, great importance for the air quality control is also attached in Guangdong. The annual concentrations of six atmospheric pollutants in Guangdong have reached the standard for four years in a row. The annual average PM2.5 concentration in Meizhou, Huizhou and Dongguan will increase with different degrees in 2019-2023. Except for Meizhou, Huizhou and Dongguan, the annual average PM2.5 concentrations in other cities of Guangdong will show a declining state.
As the capital of Hainan, the air quality condition in Haikou has been kept at a relatively good level in recent years. The annual average PM2.5 concentration in Haikou will continue to decline in 2019-2023.
There is an important steel production bases in Panzhihua. The production of steel puts great pressure on the improvement of air quality. The annual average PM2.5 concentration will increase year by year in 2019-2023. At the same time, as the capital of Yunnan, compared with the air quality of other cities, the air quality performs relatively well in Kunming. However, It is shown that the annual average PM2.5 concentration in Kunming will increase in 2019-2023. Although the increase is slight, great importance should be attached.
4.2 Cities with an increase of the annual average PM2.5 concentration

Fig.2 Cities with the annual average PM2.5 concentration increase in 2019-2023
As shown in the Fig.2, based on the data of the average annual PM2.5 concentration in 2018 and the forecasting results in 2019-2023, the changing trend can be obtained. It can be seen, Cities the annual average PM2.5 concentration rising are not concentrated in one area and the sources of pollution are varies.
The geographical locations of Xi'an and Xuzhou not only easily lead to the entry of foreign pollutants, but also hinder the diffusion of pollutants, which brings difficulties to the control of air quality. At the same time, the coal mining industry in Xuzhou is developed, which not only has a large amount of fume, but also the purification effect falls far below the ultra-low emission level. All of these bring difficulties to the management of air quality.
Although the air quality is relatively good in Ordos, due to the existence of coal and mining areas, the air quality in Ordos has been deteriorating in recent years. The increase of the annual average PM2.5 concentration is large (the concentration of the annual average PM2.5 is 29.5ug/m3 in 2013 and 42.7ug/m3 in 2018). The government should pay enough attention to the large increase of the annual average PM2.5 concentration in Ordos.
The air quality in Jingmen is poor, petrochemical firm and electric heating firm produced a large number of pollutants to the city. The annual average PM2.5 concentration continues to rise(the concentration of annual average PM2.5 is 58.9 ug/m3 in 2013 and 75.5 ug/m3 in 2018). Compared with Ordos, the air quality in Jingmen is worse, and more attention should be paid to the continuous increase of the annual average PM2.5 concentration. 
Compared with other cities, the air quality in Meizhou and Huizhou is relatively well. The increase of the annual average PM2.5 concentration in Meizhou is slight (the annual average PM2.5 concentration is 31 ug/m3 in 2013 and 32.6 ug/m3 in 2018). However, it is shown in the Fig.2 that the annual average PM2.5 concentration will continue to increase in 2019-2023. Compared with Meizhou, The increase of the annual average PM2.5 concentration in Huizhou is larger (the annual average PM2.5 concentration is 28.6 ug/m3 in 2013 and 34.1 ug/m3 in 2018). According to the present situation, the annual average PM2.5 concentration will increase year by year in 2019-2023. Although the growth rate in Meizhou and Huizhou is modest, it should be taken seriously.
The metallurgical steel industry in Panzhihua is relatively developed, and the air pollution from the steel plant is also obvious. It is shown from the Fig.2, the concentration of the annual average PM2.5 will increase in 2019-2023.
The concentration of the annual average PM2.5 in Kunming changed from 27.7 ug/m3 in 2013 to 28.9 ug/m3 in 2018. Although the growth rate is small, the growth trend is obvious. It can be seen from the Fig.2, the annual average PM2.5 concentration will continue to rise, which is not conducive to the control of the air quality in Kunming.
According to the data of the 2018 statistical bulletin of the national economic and social development in Jixi, the number of days when the air quality reaches the standard is 326. The annual average PM2.5 concentration in Jixi increased from 36.5 ug/m3 in 2013 to 39.2 ug/m3 in 2018. The development, processing and utilization of coal have brought negative effects to the air quality of Jixi. Therefore, in order to reduce the concentration of the annual average PM2.5, pollution sources should be controlled.
5 The forecasting results of PM10 
The calculation process is same as the PM2.5 concentration. Taking the annual average PM10 concentration in Langfang as an example, the MAPE of DFGM(1,1) from 2013 to 2018 is 1.86%. The MAPE of the fitting values is small, it is means that the DFGM(1,1) can be used to predict the annual average PM10 concentration in other cities. The forecasting results of the annual average PM10 concentration are shown in Supplementary Tables 12-22 (See ESM-Supplementary Tables).
5.1 The forecasting results of PM10 
With the poor air quality in Jing-Jin-Ji，due to the reinforce of government control in recent years, the condition of the air quality has been getting better year by year. The annual average PM10 concentration in Jing-Jin-Ji will continue to decline in 2019-2023. However, the annual average PM10 concentrations of some cities will still exceed the current second-level concentration limit of PM10.
The annual average PM10 concentrations of four cities studied in this paper in the Fen nutrient-laden plain will show a descending state. But the annual average PM10 concentrations in most cities are still high and surpass the current second-level concentration limit of PM10.
All of the cities in the Yangtze river delta region studied in this paper, the annual average PM10 concentrations will decline to varying degrees in 2019-2023. But most of them, the variation of the annual average PM10 concentrations is small. As one of the key areas of economic development in China, enough attention should be paid to the air quality
Same as the changing trend of the annual average PM2.5 concentration, the annual average PM10 concentration in Ordos will also show a rising trend in 2019-2023. Both PM2.5 and PM10 are on the rise, enough attention should be paid. Except for Ordos, the annual average PM10 concentration of Karamay will also show an upward trend in 2019-2023. The annual average PM10 concentration of other cities studied in this paper will show a downward trend.
Heilongjiang, a province with the air quality relatively well, except for Qitaihe, the other cities studied in this paper, the annual average PM10 concentrations are within the second-level concentration limit.
The average annual PM10 concentrations of all the cities studied in this paper in Jilin show a declining trend in 2019-2023, which is inseparable with the effective management of the government. Except for Jinzhou, the annual average PM10 concentrations of all the cities in Liaoning show a declining trend in 2019-2023, while the annual average PM10 concentration of Jinzhou shows a rising trend.
The annual average PM10 concentrations in Zhengzhou and Jiaozuo will continue to decline in 2019-2023. The annual average PM10 concentration in Taiyuan will continue to rise from 2019 to 2023, how to more effectively curb the growth of the annual average PM10 concentration is the key problem that should be solved in Taiyuan. In Shandong, the annual average PM10 concentrations of all the cities studied in this paper show a state of declining in 2019-2023. 
The annual average PM10 concentrations of all cities studied in this paper in Hubei show a declining trend in 2019-2023. Except for Xiangyang, the other cities are excepted to make the annual average PM10 concentrations under the second-level concentration limit. The annual average PM10 concentration of Xiangyang shows a trend of decreasing in 2019-2023, but the decrease is not obvious.
The annual average PM10 concentrations of several cities in Anhui, Fujian and Henan studied in this paper show a state of declining in 2019-2023. The annual average PM10 concentrations of two cities in Fujian are relatively low, which will develop towards better directions in 2019-2023. Compared with the two cities in Fujian, although the annual average PM10 concentrations of the cities in Anhui and Hunan are relatively high, both of them are developing towards better directions.
There are 14 cities in Guangdong studied in this paper, the annual average PM10 concentrations in Dongguan and Foshan are increasing in 2019-2023, although the annual average PM10 concentration in Dongguan rose less, it is also in a state of deterioration. The large growth rate in Foshan indicates that the degree of deterioration for air quality is severe, which attention should be paid. In addition, the annual average PM10 concentrations of other cities in Guangdong show a state of declining. However, the favourable air quality still be maintained by Haikou, and the annual average PM10 concentration shows a declining trend in 2019-2023.
All of the cities studied in this paper in Jiangxi, Jiangsu, Sichuan, Chongqing, Guizhou, Guangxi, the annual average PM10 concentrations show a state of descending. The annual average concentrations of these cities are expected to be controlled within the second-level concentration limit of PM10 in China.
5.2 Cities with an increase of the annual average PM10 concentration in 2019-2023

Fig.3 Cities with the annual average PM10 concentration increase in 2019-2023
Coal is the major energy consumption, which brings a heavy burden to the control of the air quality in Taiyuan. Meanwhile, enterprises with high emission intensity also make the control of the air quality become difficult. It can be seen from the Fig.3, the annual average PM10 concentration of Taiyuan are on the rise. Compared with other cities, the annual average PM10 concentration in Taiyuan is higher. On this basis, if the annual average PM10 concentration in Taiyuan continues to rise, the air quality in Taiyuan will be worsen.
As analyzed above, although the air quality is good in Ordos, the air quality in Ordos has been deteriorating in recent years. The increase of the annual average PM10 concentration is large(the annual average PM10 concentration is 69 ug/m3 in 2015 and 90 ug/m3 in 2018). The continuous rise of the annual average PM2.5 and PM10 concentrations should be taken seriously by the government.
It can be seen that the changes of the annual average PM10 concentrations of Dongguan, Heihe and Karamay are slight. As one of the zones with the economic is relatively developed, the air quality of Dongguan is affected by many factors. The developed industries not only bring development to Dongguan, but also bring pressure to the control of the air quality. Heihe is located in the northeast of China, and the waste gas generated by winter heating will lead to poor air quality. Karamay is located in Xinjiang, its industrial structure and the large usage of coal had affected the air quality. Although the annual average PM10 concentration is within the second-level concentration limit in China, the importance of air quality cannot be ignored.
As a city with the economic is relatively developed, the emissions of vehicles contribute to the form of the atmospheric particulate matters in Foshan. Although the annual average PM10 concentration of Foshan does not exceed the second-level concentration limit of China in current, if this tendency continues, it is likely to exceed the second-level concentration limit of China in 2023.
Yichun is located in Heilongjiang, and the air quality is at a relatively good level. However, according to the Fig.3, the annual average PM10 concentration of Yichun shows a trend of increasing in 2019-2023. Although its air quality is relatively good, the management of air quality still cannot be ignored.
Although the annual average PM10 concentration of Qitaihe has not increased significantly, the annual average PM10 concentration of Qitaihe has exceeded the second-level concentration limit of China. In cases of this kind, it is necessary that the management are strengthened.
Due to the geographical location, there is a lot of floating dust in the air of Jinzhou. In addition, the burning of coal and the emissions of industrial affect the air quality of Jinzhou. From the Fig.3, it is not hard to see that the annual average PM10 concentration of Jinzhou will increase in 2019-2023 and the increase rate is relatively large, so more attention should be paid by the government to the air quality in Jinzhou
6 Conclusions 
In spite of the constant efforts of the government, the annual average PM2.5 concentrations of Xi'an, Xuzhou, Ordos, Jingmen, Meizhou, Huizhou, Panzhihua, Kunming, Jixi and Yichun are still increasing and the annual average PM2.5 concentrations in the other 118 cities will show a trend of falling from 2019 to 2023. The annual average PM10 concentrations of Taiyuan, Ordos, Dongguan, Karamay, Foshan, Yichun, Qitaihe, Jinzhou and Heihe are increasing and the annual average PM10 concentrations in the other 119 cities will show a trend of falling from 2019 to 2023. Although the air quality of some cities mentioned above are good, concerns about the air quality shouldn't be neglected. 
Both PM2.5 and PM10 are major pollutants in the air. Cities whether with an increase in annual average PM2.5 or PM10 concentration, the increase of pollutant concentration represents the absence of control. Therefore, the extents of environmental treatment should be strengthened by the government. For other cities with a decline in the annual average PM2.5 or PM10 concentration, the measures taken by the government have a significant impact on reducing PM2.5 or PM10 concentration, so the current governance efforts should be maintained by the government. 
The DFGM(1,1) model obtain a good predictive effect in the air quality study of 128 cities in China. At the same time, the DFGM(1,1) model also can be used into the researches of the air quality in other cities.
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